Abstract The paper deals with the numerical method of the compressible gas flow through a porous filter emphasizing the treatment of the interface between a pure gaseous phase and a solid phase. An incident shock wave is initiated in the gaseous phase interacting with a porous filter inducing a transmitted and a reflected wave. To take into account the discontinuity jump in the porosity between the gaseous phase and the porous filter, an approximate Riemann solver is used to compute homogeneous non-conservative Euler equations in porous media using ideal gas state law. The discretization of this problem is based on a finite volume method where the fluxes are evaluated by a "volumes finis Roe" (VFRoe) scheme. A stationary solution is determined with a continuous variable porosity in order to test the numerical scheme. Numerical results are compared with the two-phase shock tube experiments and simulations of a shock wave attenuation and gas filtration in porous filters are presented.
applications. Experimental and theoretical studies have investigated the shock wave attenuation by porous filters [1] [2] [3] [4] . The numerical simulation of the interaction between shock waves and porous layers is a powerful tool for development of porous filters. For example, in medium voltage cells RMU (ring main unit), a possible internal arc fault leads to the formation of a pressure shock wave with hot gas emissions and the device includes protection structures like porous filters against explosions. Porous filters, located at the bottom of the RMU apparatus, are designed to attenuate the shock wave [5] . Another porous filter attenuation is employed for high breaking capacity fuse operation. Indeed, a strong pressure wave is generated due to the electric arc creation and the gas flow is propagated through the surrounding silica sand [6] [7] [8] .
A detailed study of a shock wave propagation in a porous filter was initiated on the theoretical basis of macroscopic balance equations coupled with a homogenization procedure of the variables. The modelling is based on conceptualizing the porous medium as a continuum composed of interacting incompressible solid and a compressible gas phase. Macroscopic physical laws expressing mass, momentum and energy balances for fluid are formulated on the basis of representative elementary volume (REV) concepts [9, 10] . Many numerical solutions for this problem were proposed [2, [11] [12] [13] [14] [15] , where the major difficulty is the discontinuity jump in the porosity (the area change can be considered as a discontinuous change in the material porosity). Naive numerical schemes fail since they do not give the good solution for the stationary problem. Therefore a specific treatment of the non conservative term is required to take accurately into account the porosity discontinuity. In Britan et al. [2] , the authors used an area change function allowing to smooth the porosity jump discontinuity. In Ben-Dor et al. [11] and Levy et al. [3] , the porosity variation is numerically treated as a source term assuming that the gradients of porosity were very small. In Rochette et al. [16] , a numerical method derived from Gallouët and Masella [14] has been developed for variable cross section duct problem. In this paper, the method is extended to the shock wave impact with porous layers. Firstly, the geometry of the two-phase shock tube is described and in Sect. 3 the governing equations of a gas flow in an incompressible porous filter are established, assuming two different temperatures in the two phases. Section 4 is devoted to the numerical method using a fractional step method for the source term where the porosity gradient receives a specific treatment. In Sect. 5, a one-dimensional steady solution is established in order to test the numerical method and in Sect. 6 numerical results of a shock wave impact on a porous filter are presented.
Two-phase shock tube
A two-phase shock tube composed of four areas (see Fig. 1 In the same way, the computational domain is divided into four areas where the third area contains the porous filter. An initial wave is generated between the areas 1 and 2, propagating toward the porous filter. 
Mathematical modelling
The governing equations of the gas flow in a pure gaseous phase are described by the classical Euler equations where in Eqs. (2), (3) and (5) the right hand side terms are null and the porosity takes the value φ = 1. For the porous medium x ∈ [x 2 , x 3 ] (see Fig. 1 ), the governing equations for the non-Darcy model were derived from the well-known volume averaging procedures [9, 10] . The energy equations are based on a local thermal non-equilibrium model in which the temperatures of the solid and the fluid are solved separately. The porous medium is assumed to be incompressible, so the porosity φ is independent of time:
The macroscopic mass balance equation for the gas phase, neglecting the dispersive mass flux writes:
where ρ and u denote the gas density and the velocity respectively. The macroscopic momentum balance equation for a compressible gas neglecting the macroscopic viscous shear in the gas and taking into account the microscopic inertial term takes the form:
where P stands for the pressure. The forces F d and F f represent the Darcy and Forchheimer interactions respectively given by:
with k the medium permeability and β the Forchheimer coefficient. The gas viscosity µ is given as a function of the gas temperature:
For an uniform porous material, the Carman-Kozeny estimations of the permeability and Forchheimer coefficients write: k = d 2 p φ 3 180(1 − φ) 2 and β = 1.8
where d p is the particle diameter. The macroscopic fluid energy equation neglecting the energy associated with viscous and conductivity dissipation is:
